ABSTRACT
INTRODUCTION
The South China Sea is one of the world's most diverse global marine bio-systems, hosting 76% of the world's coral species and 37% of reef-fish species. It possesses rich natural resources, such as fisheries, tourism, natural gas and oil reserves, which have the potential to contribute significant economic value to the neighbouring countries (Moberg & Folke 1999) . Considering the circumstance of the big increase of fishing and culturing activities in the South China Sea and fast socioeconomic developing of surrounding regions, such intensive human activities in Terengganu coast will discharge pollutants into the local environment and threaten marine organisms (Agusa et al. 2005; Zhu et al. 2014) . Furthermore, the fishes captured will be consumed by the people living in the neighbouring countries and this raises concern about the potential health risks (Gu et al. 2016; Liu et al. 2015) . Research regarding the concentration and source of metals in fish from the coastal waters of Terengganu is scarce.
The contamination of fresh and marine waters with wide range of pollutants has become a major concern (Dirilgen 2001; Vutukuru 2005) . In recent decades, domestic, industrial and other anthropogenic activities have contributed to the increase of heavy metal contamination in the water and have directly influenced aquatic ecosystem (Kaur 2008; Velez & Montoro 1998) . Pollutants deposited into the water causes serious changes, which in turn directly or indirectly affect the ecological balance of the environment, creating extensive damage and even mass mortality to the life and activities of aquatic organisms because of their high toxicity and accumulative behaviour (Matta et al. 1999 ). The heavy metals may reach a toxic concentration level that can potentially damage the ecological environment (Agusa et al. 2007 (Agusa et al. , 2005 Hajeb et al. 2009 ). The natural concentrations of these metals in sea water are very low and the risk of contamination in living tissue is high, when the organisms started accumulating more amounts of metals than the level of excretion (Kamaruzaman et al. 2011) .
Fish are aquatic organisms among the most studied content of heavy metals because fishes are good indicators of heavy metal contamination in aquatic systems because they occupy different tropic levels and are of different sizes and ages (Burger et al. 2002) . The varying levels of heavy metals in different fish species could be the result of ecological needs, metabolism and feeding patterns and behaviour and body size (Tuzen 2003; Yilmaz 2003) . The deposition of the heavy metals has increased the uptake rate by aquatic organisms, such as fishes, consequently affecting humans through the food web (Dimari et al. 2008; Ganbi 2010) . The intake rate of these heavy metals by humans through the consumption of fish causes serious health hazards (Luoma & Rainbow 2008; Puel et al. 1987) . The entry of heavy metals into the body's system of living organisms is usually influenced by the body's balance of homeostasis. However, if a concentration range of the metal exceeds the limit load of body, the process of homeostasis can no longer function and ultimately resulting in toxic effects to the body either acute or chronic (Forstner & Wittmann 1979) . For instance, metals such as Cu and Zn are essential for fish metabolism whereas others, such as Cd, have no established role in biological systems (Canli & Atli 2003) . The previous studies have shown that heavy metals may alter the physiological activities and biochemical parameters both in tissues and in blood (Basha & Rani 2003) .
Fisheries are one of the most important food production sectors in supplying protein to the human in the world. According to the Food and Agriculture Organisation (FAO), the increasing health consciousness of the consumers making the fish demands increase drastically during the past decade. Considering these issues, present research was initiated to determine the bioaccumulation level of heavy metals in some commercially important fishes from Terengganu coastal area of Malaysia.
MATERIALS AND METHODS

SAMPLE AND SAMPLING LOCATION
The sample of the fish species were obtained from three fishing locations in Terengganu coastal area, Malaysia as shown in Figure 1 . These locations were identified as the regular fishing areas to cater for the food supplies in the state of Terengganu and Pahang. These fish were caught using a typical fisherman's trawl. 
SAMPLES TREATMENT
The fish were washed using distilled water to remove the residual sea water and the head, viscera, gills and flesh were separated. The fish samples were dried in an oven 105°C until the weight becomes constant. The dry weights of the fishes were measured by calculating the different between the wet and the weight after oven drying. The fish samples are milled to obtain a fine grain of about 500 μm sizes. A total of 0.1 g fish samples are then mixed with 4.0 and 6.0 mL of nitric acid and hydrochloric acid. The samples are then digested using a microwave oven for 55 min until the solution is clear. The resulting solutions are then filtered and distilled water is added until the volumes of the sample solution are 100 mL (Yasir et al. 2008 ).
SAMPLES ANALYSIS
Samples that were prepared in the form of a solution were analyzed using an inductive coupled plasma-mass spectrometry (ICP-MS) has been calibrated using the standard (SRM MA-A-2 (TM) Fish Flesh Homogenate) (Yasir et al. 2008) . The values of the heavy metal concentrations in the tissues were calculated based on dry weights as this discounts the variability due to inner parts differences in the moisture content of organisms. A blank in replicates were used to control the accurateness of this procedure.
RESULTS AND DISCUSSION Table 1 shows that Fe concentration is the highest in average followed by Zn, Mn, Cu, Cd and Pb. Cu, Fe, Mn and Zn are classified as essential trace elements and Cd and Pb are toxic trace elements. Essential metals (Cu, Fe, Mn and Zn) are carefully regulated by the physiological mechanisms in most organisms and they played crucial role as precursors in most of the enzymatic activities (Kamaruzaman et al. 2011) . Thus, the knowledge of their concentrations in fish is important in terms of their management and for human consumption. Accumulation of metal in different species is the function of their respective membrane permeability and enzyme system which is highly species specifics (Lakshmanan et al. 2009 (1985) . According to Finch and Huebers (1982) , the higher accumulation of Fe in the living organisms is a normal situation. However, Fe strives to be toxic to humans if it exceeds 200 mg kg -1 . It was reported that Iron deficiency is frequently associated with anaemia and thus, with reduced working capacity and impaired intellectual development.
Zn is critical for aquatic organisms, including fishes; however, Zn becomes poisonous when it exceeds its maximum value. The high Zn concentrations in fishes in this study might also because Zn is necessary element for embryo development and important to reproductive organs (El-sharif et al. 2009 ). In human nutrition, Zinc is an important trace element and fulfils many biochemical functions in human metabolism. A Zn deficiency in human organism leads to several disorders, but an excessive Zn intake can cause acute adverse effects (Scherz & Kirchhoff 2006) . Epinephelus lanceolatus accumulated higher amount of Zn (12.51 × 10 -2 ± 4.54 × 10 -2 mg kg -1 ) followed by Bramidae (15.14 × 10 -2 ± 3.10 × 10 -2 mg kg -1 . Meanwhile, the lowest concentration of Zn was detected in Nibea soldado (5.91 × 10 -2 ± 2.38 × 10 -2 mg kg -1 ) followed by Priacanthus tayenus (4.88 × 10 -2 ± 2.12 × 10 -2 mg kg -1 ). The average Zn level (9.57 × 10 -2 ± 1.87 × 10 -2 mg kg -1 ) are lower than level established by Malaysian Food Act and Regulations (1985) ; recommended Zn level established for fish is 100 mg kg -1 . Meanwhile, FAO/WHO (1984) recommended dietary allowance of Zn for adults is 150 mg kg -1 . The average Zn concentrations level in present study are the lowest in comparisons with previous reported levels in multi-species marine fishes as shown in Table 2 (Bashir et al. 2013; Renata et al. 2012; Stancheva 2013) . Industrial wastewaters containing zinc stem from galvanic industries, battery production and others might lead to higher amount of zinc in the seawater.
Manganese is an essential element for both animals and plants and Mn deficiency results in severe skeletal and reproductive abnormalities in mammals (Sivaperumal et al. 2007) . Rastrelliger accumulated higher amount of Mn (1.74 × 10 -2 ± 0.87 ×10 -2 mg kg -1 ) followed by Nibea soldado (1.97 × 10 -2 ± 1.00 × 10 -2 mg kg -1 ). Meanwhile, the lowest concentration of Mn was detected in Selaroides leptolepis (0.87 × 10 -2 ± 0.29 × 10 -2 mg kg -1 ) followed by (Bashir et al. 2013) .
Copper is an essential element that is carefully regulated by physiological mechanisms in most organisms (Erdogrul & Ates 2006) . Cu can be found in a natural environment and is essential for the normal growth and metabolism of all living organisms (Eisler 1998 ). However, it can pose potential hazards that endanger both animal and human health because copper becomes toxic at high concentrations. Bramidae accumulated higher amount of Cu (0.98 × 10 -2 ± 0.24 × 10 -2 mg kg -1 ) followed by Megalaspis cordyla (1.16 × 10 -2 ± 0.50 ×10 -2 mg kg -1 ). Meanwhile, the lowest concentration of Cu was detected in Pristipomoides filamentosus (0.25 × 10 -2 ± 0.12 × 10 -2 mg kg -1 ) followed by Nibae soldado (0.21 × 10 -2 ± 0.10 × 10 -2 mg kg -1 ). The average Cu concentrations reported in the present study (0.64 × 10 -2 ± 0.17 × 10 -2 mg kg -1 ) are generally lower than Kapar (7.85 ± 5.23 mg kg -1 ) and Mersing (12.91 ± 8.80 mg kg -1 ). The proposed permissible daily dose of Cu for adults is 0.05 mg kg -1 for a man with a body weight of 70 kg (NAS 1989) . Meanwhile, Malaysian Food Act and Regulation (1985) recommended dietary allowance of 30 mg kg -1 and FAO/ WHO (1984) recommended 10 mg kg -1 for Cu intake. Cadmium is a toxic element that could be present in fish organism at high concentrations (Turkmen et al. 2009 ). An important distribution route is the circulatory system whereas blood vessels are considered to be main stream organs of cadmium toxicity. Chronic exposure to cadmium particulates is generally associated with changes in pulmonary function and chest radiographs that consistent with emphysema (Davison et al. 1988 -2 ± 0.07 × 10 -2 mg kg -1 ) followed by Priacanthus tayenus (0.08 × 10 -2 ± 0.04 × 10 -2 mg kg -1 ). However, the average Cd concentrations from this study; 0.39 × 10 -2 ± 0.26 × 10 -2 mg kg -1 are generally lower than the values reported in previous studies as shown in Table 2 (Bashir et al. 2013; Renata et al. 2012; Stancheva 2013; Wyse et al. 2003) . Comparison with worldwide RDA also showed that the level of Cd in this study is generally low (FAO/ WHO 1984; USFDA 1993) .
Lead is a cumulative toxin and one of environmental contaminants which can promote serious damage to human health by damaging blood circulation, central nervous system, liver and kidneys (Ekong et al. 2006) . Decapterus maraudsi accumulated higher amount of Pb (0.17 × 10 -2 ± 0.12 × 10 -2 mg kg -1 ) followed by Rastrelliger (0.73 × 10 -2 ± 0.06 ×10 -2 mg kg -1 ). Meanwhile, the lowest concentration of Pb was detected in Branidae (0.09 × 10 -2 ± 0.03 × 10 -2 mg kg -1 ) followed by Megalaspis cordyla (0.02 × 10 -2 ± 0.02 × 10 -2 mg kg -1 ). However, Pb was not detected in Nibae soldado and Pristipomoides filamentosus due to limitation of the technique used. Comparison with worldwide RDA showed that the level of Pb in fish in this study is low and safe for consumption (FAO/WHO 1984; FSA 2008) . Malaysian Food Act and Regulation (1985) established the maximum Pb level of 2 mg kg -1 and the present study shows the average of Pb levels in fish are lower (0.19 × 10 -2 ± 0.13 × 10 -2 mg kg -1 ). In comparisons with previous research conducted in different part of the world, the average of Pb concentration in present study is the lowest as shown in Table 2 . Even though the bioavailability of Pb in marine is low, their constant accumulation by aquatic organisms would cause serious threats to human health when they are consumed. Hence, knowledge on Pb accumulation is important for the utilization of fishes for safer human consumption.
The highest average level of heavy metal recorded in fish is Fe followed by Zn, Mn, Cu, Cd and Pb. The mean concentrations of heavy metals studied except Fe were lower than the maximum permitted concentrations recommended by FAO/WHO (1984) and Malaysian Food Act and Regulations (1985) . High amounts of Fe exist in water are usually due to pollution related to iron mining, shipping route and oil rig. Over the past two decades, there have been documented instances of Chinese fishermen in the Spratly Islands and surrounding waters indulging in large-scale illegal capture of fish using cyanide, dynamite and detonating cords. The present study indicates that there are trends of higher Fe concentrations in fishes. These results indicated that some source of heavy metals contamination is present in Terengganu coastal area, Malaysia. Therefore, the long term monitoring system of metal bioaccumulation in fishes should be done to provide useful information for the assessment of the potential health risks of metals in Malaysia.
CONCLUSION
Knowledge of heavy metal concentrations in fishes is important in order to regulate the consumption of fish. The highest average level of heavy metal recorded in fish is Fe followed by Zn, Mn, Cu, Cd and Pb. Present study clearly showed the lower toxicity of various metal concentrations in fish from Terengganu coastal area, Malaysia. Hence, the fishes caught from Terengganu coastal area, Malaysia would not cause acute toxicity in human when it is consumed. However, the long term monitoring system of metal bioaccumulation in fishes would be important and provide useful information for the assessment of the potential health risks of metals in Malaysia.
